The authors show that leverage aversion changes the predictions of modern portfolio theory: Safer assets must offer higher risk-adjusted returns than riskier assets. Consuming the high risk-adjusted returns of safer assets requires leverage, creating an opportunity for investors with the ability to apply leverage. Risk parity portfolios exploit this opportunity by equalizing the risk allocation across asset classes, thus overweighting safer assets relative to their weight in the market portfolio.
ow should investors allocate their assets? The standard advice provided by the capital asset pricing model (CAPM) is that all investors should hold the market portfolio, levered according to each investor's risk preference. In recent years, however, a new approach to asset allocation called risk parity (RP) has been gaining in popularity among practitioners (see Asness 2010; Sullivan 2010) . In our study, we attempted to fill what we believe is a hole in the current arguments in favor of RP investing by adding a theoretical justification based on investors' aversion to leverage and by providing broad empirical evidence across and within countries and asset classes.
RP investing starts with the observation that traditional asset allocations, such as the market portfolio or the 60/40 portfolio of stocks/bonds, are not well diversified when viewed from the perspective of how each asset class contributes to the overall risk of the portfolio. Because stocks are so much more volatile than bonds, movement in the stock market dominates the risk in the market portfolio. Thus, when viewed from a risk perspective, the market portfolio is mainly an equity portfolio because nearly all the variation in performance is explained by the variation in equity markets. In that sense, the market portfolio and the 60/40 portfolio offer little diversification even though they look well balanced when viewed from the perspective of dollars invested in each asset class.
RP advocates suggest a simple cure: Diversify, but diversify by risk, not by dollars-that is, take a similar amount of risk in equities and in bonds. To diversify by risk, we generally need to invest more money in low-risk assets than in high-risk assets. As a result, even if return per unit of risk is higher, the total aggressiveness and expected return are lower than those of a traditional 60/40 portfolio. RP investors address this problem by applying leverage to the risk-balanced portfolio to increase both its expected return and its risk to desired levels. 1 Although applying leverage introduces its own risks and practical concerns, we now have the best of both worlds: We are truly risk (not dollar) balanced across the asset classes, and importantly, we are taking enough risk to generate sufficient returns. The details can vary tremendously (e.g., real-life RP is about much more than U.S. stocks and bonds), but the idea of diversifying by risk is the essence of RP investing.
To further bolster the case for RP investingbeyond the mere notion that more diversification must be better-advocates point to the evidence showing that RP portfolios have historically done better than traditional portfolios. Figure 1 depicts the growth of $1 since 1926 in the 60/40 portfolio, the market portfolio (that weights each asset class by its market capitalization), and a simple version of an RP portfolio. Although Figure 1 shows only one scenario, the historical outperformance of RP is quite robust. In sum, the popular case for RP investing rests on (1) the intuitive superiority of balancing risk rather than dollars invested and (2) the historical evidence for this approach over traditional approaches.
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Financial Analysts Journal portfolio is always better than the market portfolio relies on an implicit assumption about expected returns. If the expected return of stocks versus bonds were high enough (i.e., given a sufficiently high equity risk premium), we would gladly invest in a portfolio whose risk is equity dominated. The intuition that investors who weight each asset class by its market capitalization take too much risk in equities is accurate only if the equity risk premium versus bonds is not high enough to support such a large risk allocation. The more specific intuition of equal risk is accurate only if all assets are expected to provide equal risk-adjusted returns. In other words, we cannot simply assert that equal risk is optimal because it is better diversified; to believe that, we must also believe we are not getting paid enough in equities to be so concentrated in them. We cannot think of RP as merely a statement about divvying up risks because it is inherently also a statement about our views on expected returns. Instead of saying that equal risk is always the best policy regardless of expected returns, an RP investor should say, "We do not believe expected returns on equities are high enough to give them a disproportionate part of our risk budget." This important distinction is missing from the discussion of RP in the literature. According to the CAPM, the risk premiums are such that the market portfolio is optimal; thus, RP investors need to explain how the CAPM fails in a way that justifies a larger allocation to low-risk assets than their allocation in the market portfolio.
As for the empirical evidence showing that RP portfolios have outperformed traditional portfolios over the long term, it is indeed useful and relevant but it is also only one draw from history (though admittedly a fairly long one). We must ask ourselves whether this evidence is enough to be conclusive. Does the insufficiently large equity risk premium versus bonds over the past 80 years mean that it would not be large enough in the future? Ideally, we would all prefer some out-of-sample evidence, but waiting another 80 years is an unappealing strategy. 
1926-2010
Notes: This figure shows total cumulative returns (log scale) of portfolios of U.S. stocks and bonds in our long sample. The value-weighted portfolio is a market portfolio weighted by total market capitalization and is rebalanced monthly to maintain value weights. The 60/40 portfolio allocates 60 percent to stocks and 40 percent to bonds and is rebalanced monthly to maintain constant weights. The risk parity portfolio targets an equal risk allocation across the available instruments and is constructed as follows: At the end of each calendar month, we set the portfolio weight in each asset class equal to the inverse of its volatility, estimated by using three-year monthly excess returns up to month t -1, and these weights are multiplied by a constant to match the ex post realized volatility of the value-weighted benchmark.
Log (total return, US$) Therefore, we propose another route to increase our confidence. The missing links are (1) a theoretical justification for RP investing and (2) broad tests across and within the major asset classes and countries. Frazzini and Pedersen (2010) found these links. Following Black (1972) , they showed that if some investors are averse to leverage, lowbeta assets will offer higher risk-adjusted returns and high-beta assets will offer lower risk-adjusted returns. Hence, leverage aversion breaks the standard CAPM, and according to this theory, the highest risk-adjusted return is achieved not by the market but, rather, by a portfolio that overweights safer assets. Thus, an investor who is less leverage averse (or less leverage constrained) than the average investor can benefit by overweighting low-beta assets, underweighting high-beta assets, and applying some leverage to the resulting portfolio. Frazzini and Pedersen (2010) found consistent empirical evidence of this theory of leverage aversion within each major asset class. They found that low-beta stocks have higher risk-adjusted returns than high-beta stocks in the United States (echoing Black, Jensen, and Scholes 1972) and in global stock markets, safer corporate bonds have higher riskadjusted returns than do riskier bonds, safer shortmaturity U.S. Treasuries offer higher risk-adjusted returns than do riskier long-maturity ones, and so on within several other asset classes. 2 With respect to RP, bonds are the low-beta asset and stocks the high-beta asset, and the benefit of overweighting bonds that we documented is another empirical success of the theory. The theory of leverage aversion not only constitutes a theoretical underpinning for RP but also highlights how additional out-of-sample empirical evidence can be found by comparing the risk-adjusted returns of safer versus riskier securities within each of the major asset classes. Leverage and margin constraints can also explain deviations from the Law of One Price (Garleanu and Pedersen 2011) , the effects of central banks' lending facilities (Ashcraft, Garleanu, and Pedersen 2010) , and general liquidity dynamics (Brunnermeier and Pedersen 2009) . That the theory holds up in other applications (without notable exception) that are completely separate from the asset allocation decision that we studied bolsters our confidence that the empirical superiority of RP is not a statistical fluke but, rather, one more empirical confirmation of the leverage aversion theory to add to the many in Frazzini and Pedersen (2010) . 
A Theory of Leverage Aversion
Before delving further into leverage aversion, let us revisit the standard predictions of the modern portfolio theory (MPT) of Markowitz (1952) and the CAPM of Sharpe (1964) , Lintner (1965), and Mossin (1966) . MPT considers how an investor should choose a portfolio with a good trade-off between risk and expected return. This concept is often illustrated by using a mean-volatility diagram, as in Figure 2 . To estimate risk and expected returns, we used data on realized returns for U.S. stocks and Treasuries over 1926-2010. Figure 2 shows that the overall stock market had an average annual return of 10.8 percent, with a volatility of 18.9 percent, whereas the overall bond market provided a lower average annual return of 5.2 percent, with a lower volatility of 3.4 percent. The hyperbola connecting these two points represents all possible portfolios of stocks and bonds. For example, the 60/40 portfolio represents an investment of 60 percent of capital in stocks and 40 percent of capital in bonds; this portfolio is rebalanced every month to these weights. Figure 2 also shows that the risk-free T-bill rate averaged 3.6 percent a year over the period, represented by the point on the y-axis. Combining investments in the risk-free asset with investments in risky assets produces lines that connect the risk-free point with the hyperbola. The best such line for an investor who prefers higher returns and lower risk is the line from the risk-free point to the so-called tangency portfolio-namely, the portfolio with the highest possible realized Sharpe ratio. In our data, the ex post tangency portfolio invests 88 percent in bonds and 12 percent in stocks. MPT says that an optimal portfolio is somewhere on this line: Riskaverse investors' portfolios should be between the tangency portfolio and the risk-free asset, investing some money in cash and the rest in the tangency portfolio; risk-tolerant investors should be on the segment that extends beyond the tangency portfolio, which means that they should use leverage (i.e., borrow at the risk-free rate rather than invest at the risk-free rate) to invest more than 100 percent of their capital in the tangency portfolio.
The CAPM goes beyond MPT by assuming that all investors invest in this way and concludes that the tangency portfolio must be equal to the market portfolio-that is, the value-weighted portfolio of all assets. Figure 2 illustrates the historical risk and return of the market portfolio. We can see that the historical performance of the market portfolio is quite different from that of the tangency portfolio. The market portfolio has realized a significantly lower Sharpe ratio than the tangency portfolio for two reasons: (1) The market weights of stocks relative to bonds have varied over time in such a way that the risk-return characteristics of the market are inside the hyperbola, and (2) the market portfolio allocates a much larger fraction of its capital to stocks than what has been optimal historically. The
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As discussed later in the article, we found consistent evidence in a broader sample (with data starting in 1973) that includes all bonds as well as commodities. When all types of bonds are included, the current market portfolio consists of 42 percent stocks, 48 percent bonds (including credit), and 10 percent in commodities. Importantly, the empirical underperformance of the market portfolio relative to the tangency portfolio is robust and does not depend on the specific market weights. To see why, note that because stocks are so much riskier than bonds, stocks need to realize a much larger Sharpe ratio than bonds for the market portfolio to be optimal. But stocks have realized a lower Sharpe ratio than bonds, which makes any approximation of the market portfolio or the 60/40 portfolio underperform the tangency portfolio. That bonds have realized a higher Sharpe ratio and lower risk than stocks also explains why the tangency portfolio has such a large weight in bonds.
Although these results are puzzling in light of the CAPM, we believe that they can be understood under a theory of leverage aversion. Consider an investor who would like a higher expected return than that of the tangency portfolio and is willing to accept the extra risk but is not willing (or allowed) to use any leverage. What portfolio will she choose? Preferring an unlevered portfolio with more stocks than the tangency portfolio, she may invest all her money in stocks. The presence of such investors changes the CAPM conclusions because they assume that everyone will invest on the line in the mean-volatility diagram. Thus, the tangency portfolio is not equal to the market portfolio given the existence of leverage-averse investors.
So, what exactly is the tangency portfolio? Although knowing what it is with certainty, at least ahead of time, is impossible (e.g., no one knew ex ante what the tangency portfolio in Figure 2 would turn out to be), a theory of equilibrium with leverage aversion can provide some guidance. Frazzini and Pedersen (2010) showed that the tangency portfolio overweights safer assets, as is the case empirically. This result is intuitive: Because some investors choose to overweight riskier assets in order to avoid leverage, the price of riskier assets is elevated or, equivalently, the expected return on riskier assets is reduced. In contrast, the safer assets are underweighted by these investors and thus trade at low prices (i.e., offer high expected returns). Hence, investors who are able and willing to apply leverage can earn higher risk-adjusted returns by effecting the opposite portfolio tiltsnamely, overweighting safer assets. In other words, leverage risk is rewarded in equilibrium through the relative pricing of securities, which is why the tangency portfolio includes a disproportionate amount of safer assets. The composition of the tangency portfolio depends on the number of leverage-constrained investors, which can change over time. Therefore, in practice, we cannot know for sure what the tangency portfolio will be ex ante. RP investing, however, offers a simple suggestion, which is in the direction suggested by the leverage aversion theory: RP investments allocate the same amount of risk to stocks and bonds.
We can construct a simple RP portfolio as follows: At the end of each calendar month, we set the portfolio weight in each asset class equal to the inverse of its volatility (estimated by using threeyear monthly excess returns up to month t -1) and then multiply these weights by a constant to match the ex post realized volatility of the value-weighted benchmark. Note that this simple construction does not rely on covariance estimates. Over the full sample, our simple RP portfolio would invest, on average, 15 percent in stocks and 85 percent in bonds on an unlevered basis. The most recent RP allocations (as of June 2010) are 86 percent in bonds and 14 percent in stocks. Figure 2 shows that the historical performance of the RP portfolio is more similar to that of the tangency portfolio than to that of either the market portfolio or the 60/40 portfolio. Although not exactly ex post optimal, the RP portfolio has been a good approximation because overweighting safer assets has paid off. And even though we should not take too seriously the precise prescription to have exactly equal risk in stocks and bonds (parity), it is certainly a strong and accurate move in the right direction ex post. Frazzini and Pedersen (2010) laid out the leverage aversion theory more formally than we have done here, and they also presented several additional testable predictions. According to this theory, no one holds the market portfolio, but equilibrium is nevertheless achieved because some investors overweight safer assets whereas others overweight riskier assets. Both groups of investors are satisfied: Some accept low Sharpe ratios but earn high expected returns without leverage; others earn high expected returns with a better riskreturn trade-off by using leverage.
Risk and Return across Asset Classes: Risk Parity vs. the Market vs. 60/40
To test our predicted implications of leverage aversion, we compared the historical performance of the value-weighted market portfolio, the RP portfolio, and the 60/40 stock/bond portfolio for three different data samples: Our "long sample" comprised U.S. stocks and bonds over 1926-2010; our "broad sample" included global stocks, U.S. bonds, credit, and commodities over 1973-2010; and our "global sample" consisted of stocks and bonds in the 11 countries covered by the J.P. Morgan Global Government Bond Index over 1986-2010. Table 1 reports summary statistics, and Appendix A contains additional details on both the data and the portfolio construction. Table 2 shows the performance statistics for the long sample (Panel A) and the broad sample (Panel B). For each asset class, we used valueweighted return indices and then computed the overall market portfolio as the value-weighted average across asset classes. 4 In both samples, we can see that stocks have not only delivered higher average returns than bonds but also realized much higher volatility than bonds. As a result, the valueweighted market portfolio and the 60/40 portfolio have earned higher average returns than the unlevered RP portfolio. Therefore, an investor who cannot or will not use leverage may rationally prefer to hold the market portfolio, the 60/40 portfolio, or even all stocks despite all these portfolios having lower Sharpe ratios than RP. Again, such behavior can cause riskier assets to be overpriced relative to the standard CAPM. An investor who can use leverage, however, will prefer the historical performance of the RP portfolio because of its higher Sharpe ratio (riskadjusted return). Indeed, the levered RP portfolio has the same volatility as the market portfolio but a considerably higher average return. Figure 3 illustrates the significant improvement in the Sharpe ratio of the RP portfolio over that of the market and 60/40 portfolios.
Note that the simulated performance of the levered RP portfolio does not reflect any adjustment of the returns for the costs of leverage, such as financing spreads and costs associated with deleveraging. At modest levels of leverage, any additional costs should be quite low; at high levels of leverage, the potential cost of forced deleveraging could be much more meaningful, especially for an investor with a large overall portfolio. Appendix B shows the robustness of our results with respect to various financing rates.
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When we apply leverage by using futures, the return series is clearly implementable and no assumption of the financing cost is needed because futures returns, F t /F t-1 -1, are already excess returns.
5 Our results with futures returns are similar to those with cash securities, providing further evidence of their robustness.
The strong historical performance of RP is evident in the cumulative return plot in Figure 1 , as discussed earlier. To test the significance of this outperformance, we calculated the t-statistics of the RP portfolio's realized alpha, which is the intercept in a time-series regression of monthly excess returns on the value-weighted benchmark (see Table 2 ). The t-statistics are much greater than 2, which implies strong statistical significance. To test further, we constructed long-short portfolios that go long the RP portfolio and go short the market portfolio (or go short the 60/40 portfolio) for each sample. These long-short portfolios have statistically significant excess returns and alphas for both our long sample and our broad sample.
Although one might worry that the superiority of RP is an artifact of the bond bull market over the past 25-30 years, a look at the longer 1926-2010 period reveals a near-perfect round trip in bond yields and a near doubling of the equity market's valuation (using the 10-year P/Es of Robert Shiller).
6 Thus, if anything, 1926-2010 was a period biased in favor of equities over bonds, and yet we see that risk parity has been a superior strategy.
Complementing the evidence from both our long and our broad U.S. samples, Table 3 reports evidence from 10 other countries. For each country, we can see that the RP portfolio has provided higher risk-adjusted returns than the 60/40 portfolio. The outperformance of the RP portfolio is statistically significant when all countries are pooled into a (value-weighted) global portfolio, with or without the United States. Figure 4 shows the relative performance of the RP portfolio vis-à-vis that of the 60/40 portfolio in each country.
A classic illustration of the empirical failure of the standard CAPM is the notion that the security market line is too flat, as first pointed out by Black, Jensen, and Scholes (1972) for U.S. stocks. The security market line is the connection between the actual excess return across securities and the CAPMpredicted excess return, given by beta times the market excess return. Rather than looking at the security market line across stocks, we are interested in the security market line across asset classes. Figure  5 shows the security market line for the asset classes Notes: This table reports the list of instruments included in our three samples-long, broad, and globaland the corresponding date ranges. It also reports the average weight and the most recent (i.e., September 2010) weight in the market portfolio for each asset class.
in our broad sample, in which betas are the slopes of a time-series regression of monthly excess returns on the value-weighted benchmark. The CAPM predicts that securities will line up on the 45-degree line-that is, securities' expected returns will line up with their systematic risk. Figure  5 , however, shows that the empirical security market line is flatter because safer asset classes (bonds, credit, and commodities) provide returns that are too high relative to the CAPM, whereas riskier asset classes (domestic and international stocks) provide returns that are too low relative to their risk. Note that although commodities (as captured by the S&P GSCI) have high volatility, their systematic beta risk is significantly lower than that of the stock market owing to commodities' low correlation with stocks. The flatness of the security market line underlies the power of buying safer assets; the security market line is also flat in other countries and over our long sample (Figures 1 and 4 ).
Risk and Return within Asset Classes: High Beta Is Low Alpha
Our finding that the security market line is too flat holds not only across asset classes but also within asset classes. In other words, with respect to different securities within the same asset class and across asset classes, safer assets have higher risk-adjusted returns than riskier assets. Indeed, Black, Jensen, and Scholes (1972) famously found that the security market line is too flat across U.S. stocks. Adding 40 years of out-of-sample evidence, Frazzini and Pedersen (2010) confirmed this finding: The security market line has remained remarkably flat since the study by Black, Jensen, and Scholes. Moreover, Frazzini and Pedersen found that the security market line is also too flat in all the other major asset classes. It is too flat in global stock markets, in 18 of 19 developed equity markets, across U.S. Treasuries, across corporate bonds, and even across futures. Notes: This table shows calendar-time portfolio returns. Value-weighted portfolio is a market portfolio weighted by total market capitalization and rebalanced monthly to maintain value weights. RP and RP, unlevered are portfolios that target equal risk allocation across the available instruments and are constructed as follows: At the end of each calendar month, we set the portfolio weight in each asset class equal to the inverse of its volatility, estimated by using three-year monthly excess returns up to month t -1. For the RP portfolio, these weights are multiplied by a constant to match the ex post realized volatility of the value-weighted benchmark. For the unlevered RP portfolio, the weights are rescaled to sum to 1 at each rebalancing. 60/40 portfolio allocates 60 percent to stocks and 40 percent to bonds and is rebalanced monthly to maintain constant weights. Panel A reports returns of stocks and bonds only. Panel B includes all the available asset classes. In computing the aggregate value-weighted portfolio, instruments are weighted by total market capitalization each month. Returns are in U.S. dollars, and excess returns are above the U.S. T-bill rate. Alpha is the intercept in a regression of monthly excess returns. The explanatory variables are the monthly returns of the value-weighted benchmark. Excess kurtosis is equal to the kurtosis of monthly excess returns minus 3. Returns, alphas, and volatilities are annual percentages. Sharpe ratios are annualized. *Significant at the 5 percent level.
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Conclusion: You Can Eat RiskAdjusted Returns
Risk parity investing has become a popular alternative to traditional methods of strategic asset allocation. Existing justifications, however, are insufficient and fail to provide a consistent equilibrium theory. Simply to desire diversification by risk, not dollars-however intuitive-is not enough. If you were paid enough in expected returns to be dominated in risk space by a single asset class, you would gladly do so. To show that you have not historically been paid enough to be so dominated (the equivalent of a backtest showing that RP is historically superior to traditional allocations) is also not enough. Although historical evidence is always welcome, even long histories of asset class returns can be dominated by a few large data points or arise from data mining. But RP investors need not despair. Even though there are no certainties in finance, perhaps the closest we can ever come is a realistic theory that holds up consistently in out-ofsample tests across and within different asset classes and countries. Pioneered by Black (1972 Black ( , 1993 and extended by Frazzini and Pedersen (2010) , leverage aversion is such a theory.
Assuming that some market participants are unable or unwilling to use leverage is not unrealistic. Leverage simply presents a risk that investors want to be compensated for bearing. Further, to obtain and manage leverage requires the acquisition of a certain "technology." Indeed, obtaining leverage requires getting financing, using derivatives, and establishing counterparty relations. Managing leverage requires, among other things, adjusting margin accounts and trading the portfolio dynamically over time. Our capital markets offer plenty of examples of investors that are not allowed (or choose not) to use leverage to increase their returns. For example, the majority of mutual funds and many pension funds are not allowed to borrow or are limited in the 
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Financial Analysts Journal amount of leverage they can take. In addition, mutual fund families typically provide suggested asset allocations for low-to high-risk-tolerant investors. The high-risk recommendations rarely use leverage but, rather, suggest a very high concentration in equities. Similarly, the rise of embedded leverage in exchange-traded funds shows that some investors choose not to use leverage directly but prefer instruments with embedded leverage. To put the magnitude of investors' modelimplied leverage aversion in perspective, we can estimate the opportunity cost of investing in the value-weighted market portfolio instead of in the RP portfolio. Over 1926-2010, the RP portfolio realized a Sharpe ratio that was 0.27 higher than that of the market portfolio, meaning that an investor with an average volatility of 10 percent invested in the value-weighted market portfolio underperformed the RP portfolio by 2.7 percent a year. Although this number may not make investors with high leverage costs or a strong aversion to leverage switch to RP, other investors can benefit from using leverage.
The findings of Black, Jensen, and Scholes (1972) and of Frazzini and Pedersen (2010) show that the predictions of a theory of leverage aversion hold up in a wide variety of tests across and within many asset classes. Our finding that RP investing is yet another instance of this theory working out of sample greatly enhances our confidence that risk parity's superiority to traditional methods of strategic asset allocation is real and important and not a figment of the data. Notes: This figure shows the theoretical and empirical security market lines (SMLs) of portfolios of stocks, bonds, credit, and commodities in our broad sample. Average market excess return is the excess return of a market portfolio weighted by total capitalization and rebalanced monthly to maintain value weights. Beta is the slope of a regression of monthly excess returns on the market excess return. The empirical SML is the fitted value of a cross-sectional regression of average excess returns on realized betas. 
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Appendix A. Data and Portfolio Construction
We tested our theory in several complementary ways. We used three samples: Our long sample consisted of U.S. stocks and government bonds over January 1926-June 2010; our broad sample comprised global stocks, bonds, corporate bonds, and commodities over January 1973-June 2010; and our global sample included stocks and bonds in the 11 countries covered by the J.P. Morgan Global Government Bond Index series over January 1986-June 2010. We obtained the return and market-capitalization data for the long sample from the CRSP database. We used the CRSP Value-Weighted Index return (including dividends) as the aggregate stock return. Similarly, our aggregate bond return was the valueweighted average of the unadjusted holding period return for each bond in the CRSP Monthly US Treasury Database. We weighted bonds by their outstanding face value.
To include data on various types of government bonds, credit-risky bonds, and commodities in our broad sample, we needed to focus on the more recent period of January 1973-June 2010. In our broad sample, bonds were the sum of the Barclays Capital U.S. Treasury Index and Other Government Bond Index series from Barclays Capital's Bond Hub database. For credit, we used the sum of all credit-related and securitized series in the Barclays Capital Universal Index. The individual series are listed in Table 1 . Finally, we used the S&P GSCI 7 as a benchmark for investment in commodity markets, which we obtained from Bloomberg. As a proxy for commodities' total market capitalization, we used the annual total dollar value of commodity production, which we obtained from Merrill Lynch.
8 Because our commodity production data start in 1989, we used the 1989 weight over 1973-1988. 9 All returns and market-capitalization series are in U.S. dollars, and excess returns are above the U.S. Treasury bill rate.
Our global sample consisted of stocks and bonds. Our global stock market proxy was the MSCI World indices provided by MSCI. 10 For bonds, we used the J.P. Morgan Global Government Bond Index series from Thomson Reuters Datastream. The global sample covered January 1986-June 2010.
Constructing RP Portfolios
We constructed simple RP portfolios that are rebalanced monthly so as to target an equal risk allocation across the available asset classes. To construct an RP portfolio, at the end of each calendar month, we estimated volatilities of all the available asset classes (using data up to month t -1) and set the portfolio weight in asset class i to where i = 1, . . . , n. We estimated as the threeyear rolling volatility of monthly excess returns, but we obtained similar results for other volatility estimates. The variable k t is the same for all assets and controls the amount of leverage (or the target volatility) of the RP portfolio. We considered two very simple RP portfolios (i.e., two choices for k t ): The first portfolio is an unlevered RP portfolio, obtained by setting which corresponds to a simple value-weighted portfolio that overweights less volatile assets and underweights more volatile assets.
The second portfolio is a levered RP portfolio obtained by keeping k t constant over time:
for all periods. Of course, because k is constant across periods, the exact level of k does not affect statistical inference. For comparison purposes, we set k such that the annualized volatility of this portfolio matches the ex post realized volatility of the benchmark (the value-weighted market portfolio or the 60/40 portfolio). This portfolio corresponds to a portfolio that targets a constant volatility in each asset class, levered up to match the volatility of the benchmark. (We obtained similar results by choosing k t to match the conditional volatility of the benchmark at the time of portfolio formation.)
The portfolios are rebalanced every calendar month, and the monthly excess return over T-bills is given by where r is the U.S.-dollar gross return in month t and rf is the one-month Treasury bill rate. Table 1 reports the list of instruments.
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As a further robustness check, this appendix reports performance on the basis of which interest rate is used as the risk-free rate. Whereas our main analysis follows the literature by using the T-bill rate, Table B1 also considers the repo, OIS, and federal funds rates, as well as LIBOR. Given that the RP portfolio is levered, its performance is reduced when the risk-free rate is higher. Nevertheless, the RP portfolio outperforms the market portfolio even with the most conservative LIBOR, as seen in the table. Note that leverage can be achieved by using futures contracts at an implicit cost that is lower than LIBOR.
Financing costs and the ability to manage leverage over time may differ among investors. Indeed, some investors may display greater leverage "aversion" because they face greater financing costs and/or have less ability to manage leverage over time.
Notes
1. Asness (1996) explored the role of leverage in the simpler case of levering the 60/40 portfolio versus the 100 percent equity portfolio. 2. This evidence complements the extensive literature that has empirically documented violations of the CAPM (see Fama and French 1992; Gibbons 1982; Kandel 1984; Karceski 2002; Shanken 1985) . Given the strong assumptions that underlie the CAPM, perhaps we should not be surprised that it is rejected empirically. Indeed, the CAPM assumes that markets are without any frictions and that all investors can use any amount of leverage. According to the CAPM, everyone holds the market portfolio (possibly levered), which is clearly not the case in the real world. That these violations tend to go the same way, however-returns on low-beta assets that are higher than forecasted-is very interesting. 3. Naturally, other hypotheses can explain the higher riskadjusted returns of safer versus riskier assets. The alternatives include models of delegated portfolio management with benchmarked institutional investors (Brennan 1993; Baker, Bradley, and Wurgler 2011) , mutual fund managers' incentive to overweight high-beta stocks owing to the optionlike payoffs generated by the convexity of the flowperformance relation (Falkenstein 1994; Karceski 2002) , and money illusion (Cohen, Polk, and Vuolteenaho 2005) . Our findings are also related to the low return to stocks with high idiosyncratic volatility (Ang, Hodrick, Xing, and Zhang 2006) , although their finding applies only to the recent volatility of illiquid securities (Li and Sullivan 2010) whereas the beta effect is more robust (Frazzini and Pedersen 2010) . Each of these alternatives delivers predictions that apply to a specific setting (e.g., the universe of active equity mutual fund managers) and can thus explain some, but not all, of the evidence within and across each of the major asset classes. Of course, they can also complement our unified leverage aversion theory. 4. We note that the average duration of the value-weighted U.S. Treasury bond index over our long sample is 5.6 years. Consistent with the theory of leverage aversion, Notes: See notes to Table 2 . This table shows calendar-time portfolio returns of an RP portfolio minus the returns of a value-weighted portfolio. We report returns using different risk-free rates sorted by their average spread over one-month Treasury bills. Repo is the overnight repo rate. OIS is the overnight indexed swap rate. Fed funds is the effective federal funds rate. LIBOR is the one-month London Interbank Offered Rate. If the interest rate was unavailable over a date range, we used the one-month T-bill rate plus the average spread over the entire sample period. *Significant at the 5 percent level.
Leverage Aversion and Risk Parity
longer-term Treasuries have realized lower Sharpe ratios than have shorter-term ones, and so our results would be stronger with shorter-term bonds and weaker with longerterm bonds. The value-weighted average of Treasury bonds is the natural benchmark, just as we use the valueweighted average of stocks (e.g., rather than using only high-beta stocks). 5. The difference between computing the return of a leveraged cash instrument and that of a futures instrument is as follows:
The return of an x-times leveraged cash instrument is xr -(x -1)rf PB , where r is the cash return and rf PB is the rate at which you borrow from your prime broker (PB). Hence, the excess return over the risk-free rate, rf, is given by xr -(x -1)rf PB -rf = x(r -rf) -(x -1)(rf PB -rf), where the last term is the financing spread-the difference between the PB rate and the risk-free money market rate. The excess return of an x-times leveraged futures instrument is computed as x(F t /F t-1 -1), where F is the futures price. The point is that this return is already an excess return-that is, a return on a self-financing position. In other words, the futures price embeds the financing rate, which allows a simple calculation of an implementable leveraged excess return. (A possible margin with the Futures Commission Merchant can be posted as T-bills earning the riskfree rate, which does not change the calculation.) 6. The data can be downloaded at www.econ.yale.edu/ shiller/data.htm. 7. Formerly, the Goldman Sachs Commodity Index. 8. We thank Merrill Lynch Commodities for making these data available to us. 9. Our results are robust to dropping commodities over [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] , a period for which we did not have total dollar production data. 10. The data can be downloaded at www.msci.com.
